High-quality polycrystalline samples of post-perovskite type CaIr 1-x Pt x O 3 solid solutions (x = 0.3, 0.5, 0.7) and CaIr 0.5 Rh 0.5 O 3 have been synthesised at a pressure of 15 GPa, and their structures and properties are compared to those of CaIrO 3 . Substantial [100] grain growth is observed in all samples leading to pronounced texture even in powdered materials. Small changes in the lattice constants and octahedral distortions are observed in the CaIr 1-x Pt x O 3 series, consistent with a reduction in Jahn-Teller activity. CaIrO 3 is semiconducting and shows temperature-independent paramagnetism, and an ordered moment of 0.04 µ B below a 108 K magnetic transition. Doping with Pt or Rh induces Curie-Weiss paramagnetism and suppresses the magnetic transition, to zero for ~40% Pt doping. The anisotropic structure and morphology of CaIrO 3 combined with the Ir 4+ spin-orbit coupling result in a large magnetic anisotropy constant of 1.77 x 10 6 Jm -3 , comparable to values for permanent magnet materials.
I. Introduction
Since the discovery of the perovskite to post-perovskite transition in MgSiO 3 in a laserheated diamond anvil cell 1 , wide attention has been focussed on the post-perovskite phase of MgSiO 3 . This is because the post-perovskite phase is likely to play a key role in processes occurring in Earth's lower mantle, and the perovskite to post-perovskite transition can explain many features of the D" seismic discontinuity there. While it is important to conduct further studies on MgSiO 3 , this post-perovskite phase cannot be quenched to ambient conditions; this is also the case for the post-perovskite type transition metal oxides Fe 2 O 3 2 and Mn 2 O 3 3 . Thus, it is useful to investigate the materials properties of structural analogues of the MgSiO 3 postperovskite that are quenchable to ambient conditions. The electronic and magnetic properties of transition metal analogues are also of interest as post-perovskite type oxides are rare and their physical properties have not been extensively explored.
The post-perovskite phase of MgSiO 3 adopts the layered CaIrO 3 -type structure containing corner-linked chains of edge-sharing octahedra (Fig.1 ). Four quenchable CaIrO 3 -type oxides have been reported to date: CaIrO 3 4 , CaPtO 3 5 , CaRhO 3 6 and CaRuO 3 7 . Polycrystalline CaIrO 3 can be synthesized at ambient pressure from binary oxides heated to 1273 K in an evacuated silica tube, and single crystals of CaIrO 3 were synthesized at 1223 K using a CaCl 2 flux. 4 The other three oxides were obtained using a multi-anvil apparatus to achieve high pressure (P) and temperature (T) conditions; CaPtO 3 (4GPa, 1073K), 5 CaRhO 3 (6GPa, 1473K) 6 and CaRuO 3 (23GPa, 1223K). 7 Further studies on these materials have revealed post-perovskite to perovskite structural phase transitions at high P-T. The post-perovskite phase of CaIrO 3 transforms to the perovskite structure at 2GPa, 1673K 8 and this transformation was also observed for CaRhO 3 (6GPa, 1873K) and
CaRuO 3 (23GPa, 1343K), while CaPtO 3 remained in the post-perovskite structure at higher temperatures 9 . The former observations show that the perovskite type is the high temperature phase for these CaMO 3 post-perovskites, and this was supported by a Raman spectroscopy study of CaIrO 3 up to 30GPa 10 and a synchrotron X-ray diffraction of CaPtO 3 up to 40GPa 11 which show that the phase transition from post-perovskite to perovskite transition does not occur at room temperature.
The presence of transition metal ions in the above CaMO 3 post-perovskites suggests that such phases might have interesting electronic or magnetic properties. A study of Ca 1-x Na x IrO 3 solid solutions (synthesized at 4GPa, 1073K) 12 revealed a metal-insulator transition at x = 0.37.
To investigate such properties further, we have explored the CaIr 1-x Pt x O 3 series and the synthesis, structural and physical properties of these solid solutions are reported here. We also demonstrate that CaIr 1-x Rh x O 3 materials are accessible as we report the x = 0.5 member of this series.
II. Experimental Section
Polycrystalline samples of CaIrO 3 MgO disks (φ =2.7 mm), to avoid sample reduction. The capsules were heated in a multi-anvil apparatus at 1573 K and 15GPa pressure for 40 min, followed by rapid quenching to ambient temperature, and then release of pressure. A pressure of 15GPa was used to ensure that homogenous solid solutions were formed as reactions at 3 and 10 GPa gave samples with a range of Ir/Pt ratios and containing IrO 2 and Pt secondary phases. Dense black pellets were obtained and that of CaIr 0.5 Rh 0.5 O 3 was washed with distilled water to remove KCl.
Powdered samples were investigated by powder X-ray diffraction (XRD) using a Bruker D8 diffractometer in reflection geometry with monochromated Cu Kα1 radiation. Two patterns were collected for each sample -one from the loosely packed powder and the other from the powder sieved onto a sample holder covered by a thin layer of organic grease, to minimise preferred orientation of crystallites. The GSAS software was used for Rietveld refinement of the crystal structure and texture analysis. 13 Scanning electron microscopy with energy dispersive Xray analysis (SEM/EDX) was conducted on a polished surface of selected samples using a Phillips XL30CP, with PGT Spirit X-ray analysis, using an acceleration voltage of 20 kV.
Electrical resistivities of rectangular pellets were studied by a four-point probe method with a gauge current of 0.99 mA. Electrical contacts were made from Cu wires and silver paste. Initial Rietveld fits to the XRD profiles showed that strong textures were present in the loosely packed powders and so another pattern was collected from each sample sieved onto a greased surface to minimise this effect. Large differences between the two patterns for each sample are evident in Fig. 2 . Fits to the greased samples were used to refine the crystal structure parameters, giving the results shown in Table 2 . Table 2 ). This is not consistent with a Jahn-Teller distortion of low spin 5d 5 To obtain morphological information from the XRD patterns of loosely packed powders, the crystal structure parameters were fixed at the values obtained from the greased samples, and the intensities were Rietveld-fitted by varying the six ODF (Orientation Density Function) coefficients that describe a cylindrical symmetry sample texture up to 4 th order. 16 This gave a good fit to the peak intensities as shown in Fig. 2 . The orientation densities derived from the refined ODF parameters are shown in Fig. 5 . These show the density of crystallites with plane Table 3 ) estimated from the 290 K gradient of Arrhenius plots. Fig. 7 shows the temperature dependence of magnetic susceptibility for the five samples.
III. Results

A Structure and Morphology
A ferromagnetic transition, marked by an upturn in magnetisation and divergence of zero-field and field cooled susceptibilities, is observed for CaIrO 3 at T C = 108 K which is comparable to a previously reported value. 12 Transitions are seen at the same temperature for all the CaIr 1- Ferromagnetic hysteresis loops are observed for the former two materials but CaIr 0.5 Rh 0.5 O 3 appears to have only short range ferromagnetic interactions. CaIrO 3 is an unusually hard magnetic oxide, with a large magnetic anisotropy and a coercive field of H c = 3.4T at 5K for the present sample. The thermal evolution of the hysteresis loop is also shown in Fig. 8(a) . The variation of the coercive field with temperature ( Fig. 9 ) was fitted with the equation 17 : H c = 2αK/M s [1- (T/T C ) 1/2 ] where α = 0.48, and the fitted uniaxial anisotropy constant is K = 1.77 x 10 6 Jm -3 . This is comparable to the value of 5 x 10 6 Jm -3 for Nd 2 Fe 14 B which is a widely used permanent magnet material. 18, 19 The large crystal field and the strong spin-orbital coupling of Ir 4+ (5d 5 ), as found in a recent study on Sr 2 IrO 4 , 19 and the anisotropic crystal structure and morphology of CaIrO 3 are all likely contributors to this exceptionally high coercivity for a magnetic oxide. Substitution of 30%
Pt for Ir dilutes the magnetic interactions and decreases the saturated magnetisation from 0.040 µ B /formula unit for CaIrO 3 to 0.024 µ B /formula unit, while the 5K coercive field drops to 0.46T.
IV. Discussion
To date, the only quenchable oxides having the post-perovskite (CaIrO 3 ) structure are 
